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Leuven and Active Targets

e Novel gaseous detectors
for reaction and decay studies

® Coreproject: ACTAR TPC
(GANIL, IPNO, CENBG, KUL, USC)
ERC Starting Grant

e KU Leuven project: SpecMAT
Spectroscopy of exotic nuclei
in a Magnetic Active Target
ERC Consolidator Grant

European Research Council

e Plans foradditional detectors
- Active target for SPES
- Active target for GR studies
- “Gas-filled detectors and systems” —NA in ENSAR2
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Detector concept: tracking

Time-Projection Chamber (TPC)

+ gas is the target
gas volume

e Electronsproduced byionization

drift toan amplification zone range
Incoming

beam

electric
field

e Signals collected on a segmented
“pad” plane = 2d-image of the track

e 3rddimension from the drift time
of the electrons

_ amplification
e Information: zone

- angles
- energy (from range or charge)
- particleidentification
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Detector concept: tracking

Advantages

e Large target thickness
— high luminosity

e Efficient:
- 4rt geometry
- Low thresholds

e Extremelyversatile
- different gases and pressures
- variable shape
- auxiliary detectors
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Comparison with high-energy devices

High-energy physics

Nuclear structure

Minimum ionising particles

Very high dynamic range

Trigger from ancillary
detectors

Internal trigger

Complexreaction
High occupancy
Through-tracks

Low occupancy
Stopped tracks

Resolution =50 um

Resolution =1 mm
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Amplification technology

From wires...

e Broadsignals(induction) particle track

e Mechanically complex, fragile \
’ electrons | : :

...to Micro-Pattern Gas Detectors

gating grid
® Robust shielding

® Reducedion feedback
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Amplification technology

From wires...
e Broadsignals(induction)

e Mechanically complex, fragile

...to Micro-Pattern Gas Detectors

Micromegas
e Robust Y. Giomataris et al. NIMA 376 (1996) 29
e Reducedion feedback N
N

lonizing charged particle

micromegas mesh

Amplification gap (100 pm)

| ‘ ‘ | | | | Pad plane (V=0)
W\/W\/\/ Readout electronics
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Amplification technology

Implementation

e |IPNO solution:
20-layer circuit board +
micromegas
glued on a metallicflange

e CENBG solution:
- holesin metallicframe
- connectorsinserted
- filled with molten tin
- covered with epoxyand
micromegas

P. Rosier, IPNO J. Pibernat, CENBG
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Amplification technology

. 4
.. ' ' o
il

S

® Demonstrator:
2048 pads 2x2 mm?

e Finaldetector:
16384 pads 2x2 mm?
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Electronics

GET - General Electronics for TPCs
CEA-Saclay, CENBG- Bordeaux, GANIL-Caen, NSCL

e High front-end density
(up to 30 000 channels) AGET AGET AGET AGET

ADC ADC ADC ADC

e High-ratethroughput

| 4 BEM
selective readout
( lout, e MUTANT
zero suppression) 5
(1% Trigger
. . o Additional

e High dynamicrange = proignal

> Multiplicity
e \ersatile (amp factor, sampling) Network g
e Intelligent trigger F ¥V W N

LO eXternaI GET Network Switch
L1 multiplicity =

L2 topology

Data Server
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Electronics

GET — General Electronics for TPCs

e Modules now available

Additional
Signal
Processing
Multiplicity

Network
Transfer

Control &
Monitoring

= B
Data Server
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ACTAR TPC

it
A
D

Work of P. Gangnant, GANIL

ASAD RACK:
- 2x Parallel raws of 32 ASAD cards

- ASAD cards are arranged in semi-circular shape

to use same ZAP lenght el
300mm \ - 2x32 Adapter cards between Zap (\, \\\\\““
and Anode PCB \/M

.

ZOOM Gold touch point: TS o
On each grid, output voltage 0.5kv,

: 534
In contact with the Anode PCB mmeotS

Entrance flange

Adaptor ligne/flange ISO-F DN100 \

ACTAR chassis
(adjustable part)

XYZ tunning

Base for SPEG using
(fixed part)

Insulator window
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Physics I: resonant reactions

® Inverse kinematics: scan energy region
by degradingthe beam energy in the target

® |n gas: usuallylimited to 180 degrees

e Active target: measurement of

) Recoil
- reaction vertex Resonance  Proton

- momentum of recoil particle region N

- range scattered particle

— identification of reaction channel
identification of beam contaminants
large angular coverage

Beam
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PhYSiCS I: resonant reactions B. Fernandez-Dominguez, USC
e 20Mg+p->2tAl elasticandinelastic o
Study of symmetry-breakingand ey
3N-forces effects on R
- N=8 shell closure . =B
- Thomas-Ehrman shift ; :o & "
of analogue statesin mirror nuclei w [ »v

- widths of resonant states
Approved proposal (USC) at
HIE-ISOLDE 5.5 MeV/A

Proton Energy versus Total Path

g 20

o 2Si+p->25P 8 MeV/A at GANIL/LISE i
No data, probably unbound -
Candidate proton halo (rts, ;) K

i

:

A R U SRR VIR BRI RPRRR R
240 260 280 300 320 340 360
Total Path (mm)
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Physics Il: decay

J. Giovinazzo, CENBG

e Energy and angles of emitted particles

— angular correlations
sensitive to structure of the state

and decay mechanism

S

Drift'of ionisation
eleqtrons

e Known cases:
45Fe 48N 54Zn

<
N \
\\\\

i lantati
e ACTARTPC: 54Zn at GANIL/LISE o
\ active volume c
53Cuy, < c
o0
52875 2p S B i
Nizg s Pp

2p ...
512 mm

\ 4

A

54—Cu29
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Physics Il: decay

e Other processes of interest: oo sfrirpe |
Bpa’ B3p’ sz’ Bp BETA DETECTOR -
Active target: particle identification proon X,/ gemms |3 %
and transparenttof’s T N §

e Bp tostudy(p,y) resonances e
(relevant to nuclear astrophysics) GW}, TIL ] »

A. Saastamoinen et al.,
PRC83 (2011) 045808

A. Saastamoinen et al.,
PRC83 (2011) 045808

e Example:
Bp-decay of 23Al to study ?’Na(p,y)*>Mg
Nucleosynthesys in novae

AstroBox
ey E. Pollaccoet al.,
AR NIMA 723 (2013) 102
I ;% Source Position
e
SR S
7/2% E% 2050.9 - e
5/2% ::: 450.7
372t _ | o0

Counts / 4 keV

“ALES i detector

"
o
3"{
bt H
I

PRETER LR I | .: mim H
200 ;400 600 800,
i : En|ergy (keV)

Gas: detector

828

554

PR Y
200 400 600 800 1000 1200
Energy [keV]
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Physics IlI: transfer reactions

e e . Source: ACTARSIm Report,
Characteristics of transfer reactions D. Perez-Loureiro & G. Grinyer

e 1 mm vertexresolution
— equivalentto 15 pg/cm? CD,

Counts

a0 132Sn(d,p)
-5 MeV/nucleon
30 D, at400 mbar ﬂ

e Totalthickness =25 times larger

| | +
e Particlesare stoppedin gas F |
or escape laterally tof

® Resolution=110 keV

for particles stoppedin gas Energy [MeV]
g - [~ E*=854 keV
£ 200p : o[- E*=1363 keV
= C s 2% | -0 E*=1561 keV -
[ACTAR 35 | A g - - 0w - E*=2005 keV -
[AcTar 35] e £ 150 AR s keV
g - "_En"::'i_ i —':.=1;. :
& C R L
100 S W - Y
- W TREREL L
C. v
%0 100 120 140 160 180
O1ap [°]
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Physics IlI: transfer reactions

Shell evolution towards 78Ni

e Migration of nf; ,, nif5
as vgy), is filled

e Migration ofvgg,, and

vds,, as itf; , is emptied

e (Non-)magicity of N=40

SEpa sl 69Zn 70Zn 71Zn 72Zn 73Zn 74Zn 75Zn 76EZn 77In 78EZn  79Zn | 80

67Cu 68Cu 65Cu 70Cu 71Cu 72Cu 73Cu 74Cu 75Cu 76Cu 77Cu 78Cu

65Co 66Co 67Co 68Co 69Co 70Co 71Co 72Co 73Cn 74CD 75Co

fn | 81Zn

(d,p) and (d,3He) transfers
on %8Ni, 7ONi, 78Zn, 80Zn

e Tensorinteraction
(onlyif S=1)

C

J. Js

(a) @ (b) @

J. J

* spin O wave function of relative motion

‘ proton neutron

T. Otsuka et al., PRL 95 (2005) 232502
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Physics IlI: transfer reactions

Shape coexistence “west” of 2°8Pb

. . ™ e, () 186pp

e Statescharacterised by different shapes i) @) G
appear at low excitation energy

e Example:n-deficient Pbregion
186pp triple-shape coexistence

A. Andreyev et al., Nature 405 (2000) 430

=
. . . . . s
Hg nuclei: “parabolicintrusion” at mid-shell ~
Neutron Number, N .
92 96 100 104 108 112 116 120 124 =
T T T T T T " T o [ . T T T
3.0 - deformed (prolate)i2*/ Hg isotgpes - L
+ -20
= ES §\§E= 1 a Sing®
~El & S o 1A F SSEB 6 |
2 E‘\S 5 gt o ot = A
=20 o S : = wi g 10 % =
@ Q = s =
8 1514 g6’ == /P2 -
g L /P 0 47 ot
g N S E gr‘?i :’ 5—E—8—H8-—8__ 54—t T |
2 10 Ny - (d,p) and (p,d) transfers
H 8- 3829 spherical/weakly oblate .
05+ oo 8 sphetical/weakly oblate on 134,185¢,18mHg (nossibly
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ 0"
A A B, I Sl 1iZ’ZHg), 188Pb, 196po
172 176 180 184 188 192 196 200 204
Mass Number, A

Data: NNDGC, figure courtesy of L. Gaffney
Original figure in R. Julin et al., J. Phys. G 27 (2001) R109
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Physics llI: transfer reactions

Adding y-ray detection
Challenges

e Resolution

e Efficiency

- Choices

e Active target axial configuration

e Magneticfield parallel
to beamdirection
to confine emitted particles
and minimize material

® LaBr; (CeBr;) scintillators

Technical: place array of y-ray detectors within the field
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Physics IlI: transfer reactions

e Comparedifferentsolutions
with respect to vacuum

e Compareelectronics:
GET tests

e Compare performances
of different read-out methods:
phototubes vs SiPM

e Efficiency measurements

Further work / issues

e \alidate simulations

e Determinespatial resolution
needed for Doppler correction

® Determinefinal size of the detector

e Testin magneticfield
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Physics IV: giant resonances

Investigations of collective modes: :a?dl S Cathode @ 31V (10V)
isoscalar resonances T

~—+ Gas:He 95% + CF, 5% (D,)

e Inelasticscatteringatgrazing angles: e
unique possibilities thanks to the P TEST ‘
low thresholds A . \ grzlslrn%r:j(:zwires@1200V(2300V)
i 32x32 Hexagonal pads 5 mm side

e °°Nij(d,d’) GMR and GQR

C. Monrozeau et al., PRL 100 (2008) 042501 ° TR B S
. ’ ’ > _ l - Elai“;s MeV Bcm = 8
e %8Nij(d,d’)and (o, o) N et L R N /2
GMR, GQR and soft monopole s | LA ]
M. Vandebrouck et al., PRL 113 (2014) 032504 %3 : . V4
M. Vandebrouck et al., PRC 92 (2015) 024316 2| : Ny —
] e Active
® °®Ni(a,0’) GMR and GDR e — t 'a"r'(j'e't":\
S. Bagchi et al., PLB 751 (2015) 371 ) i e
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Physics IV: giant resonances

e Needs high beam intensities
- mask the incomingbeam

® Recoil traces very short
— limited resolution

New design

® axial geometry

500 it {2 g
Ocu=5.5° —  —L=0
------ L=2

® |ower pressure - longer target
angles measured from tracks, energy in Si

counts/1MeV

400

s L= 001,30, N
Background _|

300

200

100

_I|I|III|’I\
F Z

Essy, [MeV]
M. Vandebrouck et al.,
PRL 113 (2014) 032504
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Physics V: transfer-induced fission C. Rodriguez-Tajes, USC

e Fissionstudiesrelevant for:
stability of superheavy nuclei, r-process
nucleosynthesys, nuclear energy...

e Transfer-induced fission:access to new systems
(neutron-rich and excited states)

e 238U+12Cjin Maya at GANIL/LISE

e 193T|,199Bj, 201 At and 2%°Fr(d,p) approved
experiment at HIE-ISOLDE (M. Veselski, Bratislava)

28U +12C in the MAYA active target.

New opportunities at HIE-ISOLDE: %
Heavy radioactive-ion beams, I~10° pps. =3
cm 6 @ @ £

Ano@® @ 8

. Pud) @ @ (I X AR XN . w

N=126 Np (93) [ ] soseses <

a (91)
Th (90)
Ac (89

Ra (88)
Fr (87) [ ]
Rn (86) (T XL )
Ats5) D @@ 00 05

Bi(83) @ @
Po (84) g
Tien S I |
Pn (82) 'i‘ ‘ I ‘ A
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Summary

Active target detectors provide unique
opportunities in nuclear structure studies

e Radioactive beams:
low intensity and inverse kinematics
— Active target detectors:
high luminosity, high resolution, low thresholds

e Versatile
different gases and pressures
selective sensitivity

e New frontiers:
- higher countingrates
- higherdynamicrange
- higher resolution
- combine with various auxiliary detectors
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